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Abstract-Problems  associated  with  high  sensitivity  elec¬ 
tromagnetic  radiation  measurements  arise  when  low 
levels  of  broadband  radiated  emissions  are  to  be  de¬ 
tected.  Such  measurements  require  expensive  and  sensi¬ 
tive  equipment  operating  in  a  broad  range  of  frequen¬ 
cies.  This  paper  presents  an  inexpensive  broadband 
amplifier  designed  to  increase  the  overall  gain  of  a 
measurement  system  consisting  of  a  50  ohm  broadband 
antenna  coupled  to  a  50  ohm  input  spectrum  analyzer. 
Addition  of  the  amplifier  increases  system  gain  by 
nearly  30  dB  with  insignificant  degradation  in  the  sig- 
nal-to-noise  ratio.  The  bandwidth  of  the  system  exceeds 
1000  MHz,  with  the  frequency  ranging  between  30MHz 
and  2.2GHz. 


I.  Introduction 


In  biomedical  measurements,  low-level  electromagnetic 
fields  must  often  be  evaluated  to  determine  the  delicate 
effect  of  radio  frequency  radiation  on  living  cells  [  .fJT . 
General-purpose  equipment,  accessible  in  most  labora¬ 
tories,  is  designed  to  measure  larger  field  strengths  than 
those  which  are  frequently  important  for  biological  appli¬ 
cations.  However,  sensitivity  can  be  greatly  improved  by 
the  introduction  of  an  amplifier  whose  parameters  are  ad¬ 
justed  to  match  the  desired  gain  and  bandwidth.  The  avail¬ 
ability  of  new,  wide-band  integrated  circuits,  such  as  the 
RF2310  from  RF  Micro  Devices,  Inc.,  makes  it  possible  to 
design  inexpensive  amplifiers  suitable  for  performing  the 
desired  functions  iEDD 


The  following  text  shows  the  results  of  the  design  proc¬ 
ess,  along  with  measurements  from  an  experimental  test 
system  that  includes  the  receiving  antenna,  the  spectrum 
analyzer,  and  the  designed  amplifier,  which  is  inserted  be¬ 
tween  the  antenna  and  the  analyzer  to  increase  sensitivity  of 
the  system  (Fig.  1).  The  amplifier  operates  within  the  band 
of  frequencies  between  15  MHz  and  2000MHz  with  a  total 
gain  of  about  30  dB  after  two  stages.  The  total  cost  of  the 
system  was  less  than  $150. 

The  amplifier  system  is  based  on  the  RF2310  high  line¬ 
arity  integrated  circuit.  The  circuit  requires  a  small  number 
of  external,  high  frequency  components.  Additionally,  a 
printed  circuit  board  with  minimal  losses  and  maximum 
signal  integrity  was  designed  to  minimize  high  frequency 
reflections  (input  and  output  SWR  are  less  than  1.5).  The 
maximum  input  power  to  the  amplifier  system  is  lOdBm. 
The  small  signal  gain  of  the  single  integrated  circuit  stage  is 
about  15  dB.  Two  single  stages  were  cascaded  to  increase 
the  gain. 
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Fig.  1:  Application  of  the  amplifier  in  the  test  system.  The  upper 
figure  shows  the  system  without  the  amplifier,  while  the  lower 
figure  shows  the  enhanced  system  with  the  amplifier  inserted  be¬ 
tween  the  antenna  feeder  and  the  spectrum  analyzer. 

II.  The  Amplifier  System  and  Circuit  Characteristics 

Fig.  2  illustrates  the  basic  structure  of  the  amplifier  sys¬ 
tem.  It  consists  of  two  stages,  symbolized  by  the  transis¬ 
tors,  that  are  connected  by  means  of  a  coupling  network 
(output  network  1).  The  boxes  labeled  “input  network”  and 
“output  network  2”  serve  as  coupling  circuits  between  the 
first  stage  and  the  source  and  between  the  output  stage  and 
the  load  respectively. 

The  diagram  of  a  single  stage  of  the  amplifier  is  shown 
in  Fig.  3.  The  integrated  circuit  is  represented  by  the  trian¬ 
gle,  all  other  components  are  embedded  within  the  ampli¬ 
fier  printed  board  topology  and  connected  to  corresponding 
terminals  to  form  the  coupling  and  supply  network  (Fig.  4). 
Before  construction,  the  single  stage  amplifier  design  was 
simulated  using  the  high  frequency  software  program 
“Serenade,”  from  Ansoft  Corporation.  Results  are  shown  in 
Fig.  5. 

The  chip  used  in  simulations  was  an  improved  version 
of  RF2310 — the  RS2312.  Therefore,  the  simulations  show 
less  noise  than  the  actual  circuit,  which  had  a  noise  figure 
of  6dB.  The  experimentally  measured  frequency  response 
of  the  single  stage  of  the  amplifier  is  shown  in  Fig.  6,  while 
the  experimentally  measured  frequency  response  of  the 
two-stage  amplifier  is  shown  in  Fig.  7. 
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Fig.  2:  Typical  structure  of  the  amplifier.  Two  stages,  symbolized  by  the  transistors,  are  connected  by  means  of  the  coupling 
network  (output  network  1).  “Input  network”  along  with  “output  network  2”  serve  as  coupling  circuits  between  the  first  stage 
and  the  source  and  between  the  output  stage  and  the  load  respectively. 


Fig.  3:  Typical  connection  of  the  RF2310. 


Fig.  4:  Photograph  of  the  top  view  of  the  final  printed  circuit 
board  with  all  components  connected  before  packaging  the 
integrated  circuit 


Fig.  5  :  Simulated  frequency  response  of  the  single  stage  of  the  amplifier. 
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Fig.  6:  Experimentally  measured  frequency  response  of  the  single  stage  of  the  amplifier. 
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Fig.  7:  Frequency  response  of  the  two-stage  amplifier 


III.  Conclusion 

The  availability  of  new,  wide-band  integrated  circuits,  such 
as  the  RF2310  from  RF  Micro  Devices,  Inc.,  makes  it  pos¬ 
sible  to  design  inexpensive  amplifiers  suitable  for  many 
different  applications  in  bioengineering-related  measure¬ 
ments.  Modern  circuit  analysis  and  CAD  tools  allow  for 
the  straightforward  development  of  inexpensive  laboratory 
equipment  using  a  step-by-step  design  approach. 

REFERENCES 


[1]  D.  Krewski,  C.  V.  Byus,  B.  W.  Glickman,  et  al.  “Recent 
advances  in  research  on  radiofrequency  fields  and  health,” 
Journal  of  toxicology  and  environmental  health.  Part  B, 
Critical  reviews ,  2001  Jan-Mar;  4(1):  145-59. 


[2]  O.  Jahn,  “Electromagnetic  fields:  low  dose  exposure, 
current  update,”  International  archives  of  occupational  and 
environmental  health,  2000  Jun;  73  Suppl:  S 1-3. 

[3]  D.  Krewski ,  C.  V.  Byus,  B.  W.  Glickman,  et  al.  “Po¬ 
tential  health  risks  of  radiofrequency  fields  from  wireless 
telecommunication  devices,”  Journal  of  toxicology  and 
environmental  health.  Part  B,  Critical  reviews,  2001  Jan- 
Mar;  4(1):  1-143. 

[4]  Ralph  S.  Carson,  High-Frequency  Amplifiers,  John 
Wiley  &  Sons,  1982,  Second  Edition. 

[5]  Theodore  Grosch,  Small  Signal  Microwave  Amplifier 
Design,  Noble  Publishing,  2000. 


